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PROCESS FOR PREPARING
2-(AMINOMETHYLIDENE)-
4,4-DIFLUORO-3-OXOBUTYRIC ESTERS

This application 1s a Divisional of U.S. application Ser. No.
12/990,359, filed Oct. 29, 2010, which application 1s a
National Stage application of International Application No.
PCT/EP2009/055283 filed Apr. 30, 2009, the entire contents
of which are hereby incorporated herein by reference. This
application also claims priority under 35 U.S.C. §119 to
European Patent Application No. 08155612.8, filed May 2,
2008, the entire contents of which 1s hereby incorporated
herein by reference.

The present invention relates to a process for preparing
2-(aminomethylidene)-4,4-difluoro-3-oxobutyric esters, and
to their use 1n the process for preparing the difluoromethyl-
substituted pyrazol-4-ylcarboxylic acids and esters thereof.
The present invention also relates to novel 2-(aminometh-
ylidene)-4,4-difluoro-3-oxobutyric esters.

WO 92/12970 describes (3-difluoromethyl-1-methylpyra-
zol-4-yl)carboxamides and their use as fungicides. The
preparation starts with a 4,4-difluoro-3-oxobutyric ester
which 1s reacted successively with triethyl orthoformiate and
with methylhydrazine, which gives a 3-difluoromethyl-1-me-
thylpyrazol-4-carboxylic ester. This 1s then hydrolyzed to
give the corresponding carboxylic acid. This 1s converted into
the corresponding acid chloride and then, using a suitable
amine, 1nto the corresponding amide. However, providing the
4.4-ditfluoro-3-oxobutyric ester required as starting material
1s relatively expensive and difficult.

WO 2005/044804 describes alkyl esters of fluoromethyl-
substituted heterocyclic carboxylic acids and their prepara-
tion by halogen exchange on corresponding chloromethyl-
substituted heterocyclic carboxylic esters using fluorinating
agents. However, the use of fluorinating agents 1s expensive,
and special demands with regard to safety measures which
have to be taken and to the apparatus used have to be met.

WO 2005/042468 describes the preparation of 2-(dialky-
laminomethylidene)-4,4-dihalo-3-oxobutyric esters by react-
ing dialkylaminoacrylic esters with dihaloacetyl halides 1n
the presence of a base. Here, 1n order to prevent the formation
of dihaloketenes, the bases used are in particular aqueous
solutions of alkali metal and alkaline earth metal hydroxides.
However, this reaction does not give satisfactory yields. The
2-(dialkyl-aminomethylidene)-4,4-dihalo-3-oxobutyric
esters obtained are converted with C,-C,-alkylhydrazines
into the corresponding N-alkylated dihalomethyl-substituted
pyrazol-4-ylcarboxylic esters. However, this reaction pro-
vides no satisiactory selectivity for the 3-dihalomethyl com-
pound over the corresponding 5-dihalomethyl compound.
The subsequent separation of the two 1somers formed 1s rela-
tively complicated.

Accordingly, 1t 1s an object of the present mvention to
provide a further process for preparing (3-difluorometh-
ylpyrazol-4-yl)carboxylic esters and dernivatives thereof
whose starting materials can be provided with low expense
and 1n higher yields. Furthermore, from these starting mate-
rials, 1t should be possible to prepare the (3-difluorometh-
ylpyrazol-4-yl)carboxylic esters 1n high yield, with a selec-
tivity which 1s as high as possible, over the reaction to the

(5-difluoromethylpyrazol-4-yl)carboxylic ester, which usu-
ally takes place as a side reaction.

Surprisingly, 1t has been found that this object 1s achieved
by a process for preparing compounds of the formula (I)
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2
(L)
O
RZ
R’ H
O
I3
b
in which
R" is C,-C.-alkyl, C,-C.-haloalkyl, C,-C.-alkenyl,

C,-C,,-cycloalkyl or benzyl, where the two last men-
tioned radicals are unsubstituted or have 1, 2 or 3 sub-
stituents independently of one another selected from the
group consisting of halogen, CN, nitro, C,-C,-alkyl,
C,-C,-alkoxy and C,-C,-haloalkoxy;

R* and R” independently of one another are C,-C,-alkyl,
C,-C.-haloalkyl, C,-C,-alkenyl, C,-C,,-cycloalkyl or
benzyl, where the two last mentioned radicals are unsub-
stituted or have 1, 2 or 3 substituents independently of
one another selected from the group consisting of halo-
gen, CN, nitro, C,-C,-alkyl, C,-C,-haloalkyl, C,-C,-
alkoxy and C, -C,-haloalkoxy; or

R* together with R? and the nitrogen atom to which the two
radicals are attached are an optionally substituted 5- to
10-membered heterocyclic radical which, 1n addition to
the nitrogen atom, may contain a further 1, 2 or 3 het-
eroatoms selected from the group consisting of O, N and
S as ring members;

wherein

a compound of the formula (II)

(1)

in whichR', R* and R~ have one of the meanings given above;
1s reacted with difluoroacetyl fluonde.

By this process according to the invention, it 1s possible to
provide, with low expenses and 1n high yields, particularly
suitable starting materials for a process for preparing (3-dii-
luoromethylpyrazol-4-yl)carboxylic esters.

Accordingly, the present ivention furthermore provides
compounds of the formula (I)

()

in which R" has the meaning given above and
R” together with R” and the nitrogen atom to which the two
radicals are attached are an optionally substituted 5- to
10-membered heterocyclic radical which, 1n addition to
the nitrogen atom, may contain a further 1, 2 or 3 het-
eroatoms selected from the group consisting of O, N and
S as ring members.
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These compounds of the formula (I) can be provided 1n a
good vyield, and they are particularly suitable for conversion
with N-substituted hydrazine compounds mnto (3-difluorom-
cthylpyrazol-4-yl)carboxylic esters, especially with respect
to vield and selectivity for the desired 1somer over the (3-di-
fluoromethyl-pyrazol-4-yl)carboxylic ester byproduct.

The E configuration shown here and 1n the formulae below
of the C—C double bond in the compounds I and II 1s only one
possible embodiment of the compounds I and II. The mnven-
tion relates both to the E 1somer shown and to the Z 1somer
and 1n particular to mixtures of the 1somers.

The terms for organic groups used 1n the definition of the
variables, such as, for example, the term “halogen”, are col-
lective terms which represent the individual members of these
groups ol organic moieties.

In each case, the prefix C_-C denotes the number ot pos-
sible carbon atoms.

In each case, the term “halogen” denotes fluorine, bromine,
chlorine or 10dine, especially fluorine, chlorine or bromine.

The term “C,-Cg-alkyl”, as used herein and 1n the alkyl
moieties of C,-C,-alkoxy, denotes a saturated straight-chain
or branched hydrocarbon group comprising 1 to 6 carbon
atoms, especially 1 to 4 carbon atoms, for example methyl,
cthyl, propyl, 1-methylethyl, butyl, 1-methylpropyl, 2-meth-
ylpropyl, 1,1-dimethylethyl, pentyl, 1-methylbutyl, 2-meth-
ylbutyl, 3-methylbutyl, 2,2-dimethylpropyl, 1-ethylpropyvl,
1,1-dimethylpropyl, 1,2-dimethylpropyl, hexyl, 1-methyl-
pentyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 1,1-
dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,2-
dimethylbutyl,  2,3-dimethylbutyl,  3,3-dimethylbutyl,
1-ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-trim-
cthylpropyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-methylpro-
pvl and 1somers thereof. C,-C,-alkyl comprises, for example,
methyl, ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl,
2-methylpropyl and 1,1-dimethylethyl.

The term “C,-Cs-alkoxy” describes straight-chain or
branched saturated alkyl groups comprising 1 to 6 carbon
atoms, which groups are attached via an oxygen atom.
Examples of C,-C,-alkoxy include methoxy, ethoxy, n-pro-
poxy, 1-methylethoxy, n-butoxy, 1-methylpropoxy, 2-meth-
ylpropoxy, 1,1-dimethylethoxy, n-pentoxy, 1-methylbutoxy,
2-methylbutoxy, 3-methylbutoxy, 1,1-dimethylpropoxy, 1,2-
dimethylpropoxy, 2.,2-dimethylpropoxy, 1-ethylpropoxy,
n-hexoxy, 1-methylpentoxy, 2-methylpentoxy, 3-methylpen-
toxy, 4-methylpentoxy, 1,1-dimethylbutoxy, 1,2-dimethylbu-
toxy, 1,3-dimethylbutoxy, 2,2-dimethylbutoxy, 2,3-dimeth-
ylbutoxy, 3,3-dimethylbutoxy, 1-ethylbutoxy, 2-ethylbutoxy,
1,1,2-tnmethylpropoxy, 1,2,2-trimethylpropoxy, 1-ethyl-1-
methylpropoxy and 1-ethyl-2-methylpropoxy. Examples of
C,-C,-alkoxy include methoxy, ethoxy, n-propoxy, 1-meth-
ylethoxy, n-butoxy, 1-methylpropoxy, 2-methylpropoxy and
1,1-dimethylethoxy.

The term *“C,-C,-haloalkyl”, as used herein and in the
haloalkyl moieties of C,-C,-haloalkoxy, describes straight-
chain or branched alkyl groups having 1 to 6 carbon atoms,
where some or all of the hydrogen atoms of these groups are
replaced by halogen atoms. Examples of these are C,-C, -
haloalkyl, such as chloromethyl, bromomethyl, dichlorom-
cthyl, trichloromethyl, fluoromethyl, difluoromethyl, trifluo-
romethyl,  chlorofluoromethyl,  dichlorofluoromethyl,
chlorodifluoromethyl, 1-chloroethyl, 1-bromoethyl, 1-fluo-
roethyl, 2-fluoroethyl, 2,2-difluoroethyl, 2,2,2-trifluoroethyl,
2-chloro-2-fluoroethyl, 2-chloro-2,2-difluoroethyl, 2,2-
dichloro-2-fluoroethyl, 2,2,2-trichloroethyl and pentafluoro-
cthyl.

The term “C,-C,-haloalkoxy™ describes straight-chain or
branched saturated haloalkyl groups comprising 1 to 6 carbon
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atoms, which groups are attached via an oxygen atom.
Examples of these are C,-C,-haloalkoxy, such as chlo-

romethoxy, bromomethoxy, dichloromethoxy, trichlo-
romethoxy, fluoromethoxy, difluoromethoxy, trifluo-
romethoxy, chlorofluoromethoxy, dichlorofluoromethoxy,
chlorodifluoromethoxy, 1-chloroethoxy, 1-bromoethoxy,

1 -fluoroethoxy, 2-fluoroethoxy, 2,2-difluoroethoxy, 2,2,2-tr1-
fluoroethoxy, 2-chloro-2-fluoroethoxy, 2-chloro-2,2-difluo-
roethoxy, 2,2-dichloro-2-tfluoroethoxy, 2,2,2-trichloroethoxy
and pentafluoroethoxy.

The term “C,-C,-alkenyl” describes straight-chain and
branched unsaturated hydrocarbon groups comprising 2 to 6
carbon atoms and at least one carbon-carbon double bond,
such as, for example, ethenyl, 1-propenyl, 2-propenyl, 1-me-
thylethenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-methyl-1-pro-
penyl, 2-methyl-1-propenyl, 1-methyl-2-propenyl, 2-methyl-
2-propenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl,
1-methyl-1-butenyl, 2-methyl-1-butenyl, 3-methyl-1-bute-
nyl, 1-methyl-2-butenyl, 2-methyl-2-butenyl, 3-methyl-2-
butenyl, 1-methyl-3-butenyl, 2-methyl-3-butenyl, 3-methyl-
3-butenyl, 1,1-dimethyl-2-propenyl, 1,2-dimethyl-1-
propenyl, 1,2-dimethyl-2-propenyl, 1-ethyl-1-propenyl,
1-ethyl-2-propenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hex-
enyl, 5-hexenyl, 1-methyl-1-pentenyl, 2-methyl-1-pentenyl,
3-methyl-1-pentenyl, 4-methyl-1-pentenyl, 1-methyl-2-pen-
tenyl, 2-methyl-2-pentenyl, 3-methyl-2-pentenyl, 4-methyl-
2-pentenyl, 1-methyl-3-pentenyl, 2-methyl-3-pentenyl,
3-methyl-3-pentenyl, 4-methyl-3-pentenyl, 1-methyl-4-pen-
tenyl, 2-methyl-4-pentenyl, 3-methyl-4-pentenyl, 4-methyl-
4-pentenyl, 1,1-dimethyl-2-butenyl, 1,1-dimethyl-3-butenyl,
1,2-dimethyl-1-butenyl, 1,2-dimethyl-2-butenyl, 1,2-dim-
cthyl-3-butenyl, 1,3-dimethyl-1-butenyl, 1,3-dimethyl-2-

butenyl, 1,3-dimethyl-3-butenyl, 2,2-dimethyl-3-butenyl,
2.3-dimethyl-1-butenyl, 2,3-dimethyl-2-butenyl, 2,3-dim-
cthyl-3-butenyl, 3,3-dimethyl-1-butenyl, 3,3-dimethyl-2-
butenyl, 1-ethyl-1-butenyl, 1-ethyl-2-butenyl, 1-ethyl-3-
butenyl, 2-ethyl-1-butenyl, 2-ethyl-2-butenyl, 2-ethyl-3-
butenyl, 1,1,2-trimethyl-2-propenyl, 1-ethyl-1-methyl-2-
propenyl, 1-ethyl-2-methyl-1-propenyl and 1-ethyl-2-

methyl-2-propenyl.

The term “C;-C, ,-cycloalkyl”, as used herein, describes
mono-, bi- or tricyclic hydrocarbon groups comprising 3 to 10
carbon atoms, especially 3 to 6 carbon atoms. Examples of
monocyclic groups 1nclude cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, cycloheptyl or cyclooctyl. Examples of
bicyclic groups include bicyclo[2.2.1]heptyl, bicyclo[3.1.1]
heptyl, bicyclo[2.2.2]octyl and  bicyclo[3.2.1]octyl.
Examples of tricyclic groups are adamantyl and homoada-
mantyl.

In connection with the definition of the group —NR’R”,
the term “3- to 10-membered heterocyclic radical” denotes a
nitrogenous mono- or bicyclic group having 5,6, 7, 8, 9 or 10
ring members, which 1s attached via the nitrogen atom to the
remainder of the compound of the formula (I) or (II), which,
in addition to the nitrogen atom, may have a further 1, 2 or 3
heteroatoms selected from the group consisting of O, N and S
as ring members and which 1s unsubstituted or may have 1, 2
or 3 substituents. The substituents, provided they are attached
to a carbon atom of the heterocyclic radical, are preferably
selected from the group consisting of halogen, CN, C,-C,
alkyl, C,-C,-haloalkyl, C,-C,-alkoxy and C,-C ,-haloalkoxy
and, provided they are attached to a further nitrogen atom of
the heterocyclic radical, are preferably selected from the
group consisting of C,-C,-alkyl and C,-C,-haloalkyl.
Examples of 3- to 10-membered heterocyclic radicals are
pyrrol-1-yl, pyrrolidin-1-yl, oxazolidin-3-yl, thiazolidin-3-
yl, imidazol-1-yl, imidazolin-1-yl, 3-methylimidazolin-1-yl,
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3-ethylimidazolin-1-yl, 3-propylimidazolin-1-yl, 3-(1-meth-
ylethyl imidazolin-1-yl, 3-butylimidazolin-1-yl, 3-(1,1-dim-
cthylethyl)imidazolin-1-yl, pyrazol-1-yl, pyrazolidin-1-vl,
2-methylpyrazolidin-1-yl, 2-ethylpyrazolidin-1-yl, 2-propy-
lpyrazolidin-1-yl, 2-(1-methylethyl)pyrazolidin-1-yl, 2-bu-
tylpyrazolidin-1-yl, 2-(1,1-dimethylethyl)pyrazolidin-1-yl,
piperidin-1-yl, morpholin-4-yl, thiamorpholin-4-yl, piper-
azin-1-yl, 4-methylpiperazin-1-yl, 4-ethylpiperazin-1-vl,
4-propylpiperazin-1-yl,  4-(1-methylethyl)piperazin-1-vl,
4-butylpiperazin-1-yl, 4-(1,1-dimethylethyl)piperazin-1-vl,
indol-1-yl, mmdolin-1-yl, 1soindol-1-yl, 1soindolin-1-yl, 1nda-
zol-1-yl, indazolin-1-yl, 2-methylindazolin-1-yl, indazolin-
2-yl and 1-methylindazolin-1-yl, where the heterocyclic
groups mentioned above are unsubstituted, or 1, 2 or 3 of the
ring carbon atoms carry a substituent selected from the group
consisting of halogen, CN, nitro, C,-C,-alkyl, C,-C,-alkoxy
and C,-C,-haloalkoxy.

The carbon-carbon double bond 1n the compounds of the
tormulae (1) and (II) can have the E or the Z configuration (or
the c1s or trans configuration, based on the relative arrange-
ment of the group NR*R” and the group —C(O)OR').

The reactions described herein are carried out 1n reaction
vessels customary for such reactions, where the reaction may
be carried out either continuously or batchwise. In general,
the reactions 1n question will be carried out at atmospheric
pressure. However, the reactions can also be carried out under
superatmospheric pressure.

In the compounds of the formulae (I) and (II), R is pref-
erably C,-Cc-alkyl, C;-C, ,-cycloalkyl or benzyl, where the
two last mentioned radicals are unsubstituted or have 1, 2 or
3 substituents. Preferably, R" in the compounds of the formu-
lae (I) and (II) 1s C,-C -alkyl, C;-C,-cycloalkyl or benzyl.
Very particularly preferably, R' in the compounds of the
formulae (I) and (II) 1s C,-C,-alkyl.

In the compounds of the formulae (I) and (II), R* and R>
independently of one another are preferably C,-C,-alkyl, or
R” together with R” and the nitrogen atom to which the two
radicals are attached are an optionally substituted 5- to
10-membered heterocyclic radical which, 1n addition to the
nitrogen atom, may comprise a further 1, 2 or 3 heteroatoms
selected from the group consisting of O, N and S as ring
members.

Particularly preferably, R and R> together with the nitro-
gen atom to which the two radicals are attached are an option-
ally substituted 5- to 10-membered heterocyclic radical
which, 1n addition to the nitrogen atom, may contain a further
1, 2 or 3 heteroatoms selected from the group consisting o1 O,
N and S as ring members, i.e. the group NR*R” is a 5- to
10-membered heterocyclic radical which 1s attached wia
nitrogen. These preferences apply both to the compounds of
the formulae (I) and (I1I) per se and to their use in the process
according to the invention for preparing (3-difluorometh-
ylpyrazol-4-yl)carboxylic esters.

In the compounds of the formulae (I) and (II), the group
NR’R? very particularly preferably is a saturated, optionally
substituted 5- or 6-membered heterocyclic radical which, 1n
addition to the nitrogen atom, may contain a further heteroa-
tom selected from the group consisting o1 O, N and S as ring
member. In particular, the group NR*R” is pyrrolidin-1-yl,
oxazolidin-3-yl, 3-methylimidazolin-1-yl, pipendin-1-vl,
morpholin-4-yl or 4-methylpiperazin-1-yl. Specifically, the
group NR*R” in the compounds of the formulae (1) and (1) is
piperidin-1-yl, morpholin-4-yl or 4-methylpiperazin-1-yl.

In the process according to the ivention for preparing
compounds of the formula (I), the compound of the formula
(II) 1s usually employed 1n an amount of from 0.2 to 3 mol,
preferably from 0.3 to 1.5 mol, especially from 0.5 to 1.0 mol
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and particularly preferably from 0.9 to 1.0 mol, 1n each case
based on 1 mol of difluoroacetyl fluornide.

The reaction 1s carried out by bringing the starting materi-
als, 1.e. the compound of the formula (II) and the difluoro-
acetyl fluoride, 1nto contact with one another, preferably 1n a
suitable solvent 1n a reaction vessel, where the compound of
the formula (II) and, 1f appropriate, the solvent are generally
initially charged 1n the reaction vessel.

The reaction of the compound of the formula (II) with
difluoroacetyl fluoride 1s usually carried out at a temperature
in the range of from -70 to +50° C., preferably from -30 to
+20° C. and particularly preferably from -10 to 0° C. In a
particular embodiment, the temperature 1s mitially adjusted
to from —-50 to —10° C. and, during the course of the reaction,
increased to from 10 to 40° C., 1n particular room tempera-
ture.

The reaction of the compound of the formula (II) with
difluoroacetyl fluoride 1s usually carried out at atmospheric
pressure. However, owing to the low boiling point of difluo-
roacetyl fluoride, 1t may, depending on the chosen reaction
temperature, be advantageous to carry out the reaction under
clevated pressure. Suitable reaction pressures are, for
example, 1n a range of from 0.5 to 10 bar. Suitable pressure-
resistant reactors are also known to the person skilled 1n the
art and are described, for example, 1n Ullmanns Enzyklopadie
der technischen Chemie [Ullmanns Encyclopedia of Indus-
trial Chemuistry], vol. 1, 3rd edition, 1951, p. 769 {i.

In the process according to the mvention for preparing
compounds of the formula (I), the reaction of the compound
of the formula (II) with difluoroacetyl fluoride 1s preferably
carried out essentially anhydrously, 1.e. 1n a dry organic sol-
vent.

Here and below, dry solvent means that the solvent has a
water content of less than 500 ppm and 1n particular of less
than 100 ppm.

Examples of suitable organic solvents are nonpolar aprotic
solvents, for example aromatic hydrocarbons, such as ben-
zene, toluene, xylenes, or (cyclo)aliphatic hydrocarbons,
such as hexane, cyclohexane and the like, and also mixtures of
the solvents mentioned above.

Examples of suitable organic solvents are likewise aprotic
polar solvents, for example cyclic and acyclic ethers, such as
diethyl ether, tert-butyl methyl ether (MTBE), diisopropyl
cther, cyclopentyl methyl ether, tetrahydroturan (THF) or
dioxane, cyclic or acyclic amides, such as dimethyl forma-
mide, dimethyl acetamide, N-methylpyrrolidone, ureas, such
as N,N'-dimethyl-N,N'-ethylenecureca (DMEU), N,N'-dim-
cthyl-N,N'-propyleneurea (DMPU) or tetramethylurea, or
aliphatic nitriles, such as acetonitrile or propionitrile, and also
mixtures of the solvents mentioned above.

Also suitable are mixtures of the nonpolar aprotic organic
solvents mentioned above with polar aprotic solvents.

In a specific embodiment of the process according to the
invention, the compound of the formula (II) 1s reacted with
difluoroacetyl fluoride without addition of a base different
from the compound of the formula (II).

In a further specific embodiment of the process according,
to the 1nvention, the compound of the formula (II) 1s reacted
with difluoroacetyl fluoride 1n the presence of a base different
from the compound of the formula (II).

Suitable bases different from the compound of the formula
(II) are organic bases, for example acyclic tertiary amines,
e.g. trn1-C,-C,-alkylamines such as trimethylamine, triethy-
lamine, tributylamine, diisopropylethylamine, tert-butyldim-
cthylamine, N—C,-C,-cycloalkyl-N,N-di-C, -C-alky-
lamines or N,N-b1s-C,-C-cycloalkyl-N—C, -C.-
alkylamines such as ethyldicyclohexylamine, cyclic tertiary
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amines, ¢.g. N—C, -C,-alkyl-nitrogen heterocycles such as
N-methylpyrrolidine, N-methylpiperidine, N-methylmor-
pholine, N,N'-dimethylpiperazine, pyridine compounds such
as pyridine, collidine, lutidine or 4-dimethylaminopyridine,
and bicyclic amines, such as diazabicycloundecene (DBU) or
diazabicyclononene (DBN).

Also suitable as bases different from the compound of the
formula (II) are inorganic compounds, for example alkali
metal and alkaline earth metal carbonates, such as lithium
carbonate or calcium carbonate, alkali metal bicarbonates,
such as sodium bicarbonate, alkali metal and alkaline earth
metal oxides, such as lithium oxide, sodium oxide, calcium
oxide or magnesium oxide, alkali metal and alkaline earth
metal hydrides, such as lithrum hydride, sodium hydnde,
potassium hydride or calctum hydride, or alkali metal amides,
such as lithtum amide, sodium amide or potasstum amide.

Preferably, the base different from the compound of the
formula (II) 1n the process according to the ivention for
preparing compounds of the formula (I) 1s selected from
organic bases. Particularly preferably, the base 1s selected
from acyclic tertiary amines, especially triethylamine.

The base different from the compound of the formula (1I)
can be employed either in approximately equimolar amounts,
based onthe compound (11), for example 1n an amount of from
about 0.8 to 1.2 mol per mole of the compound (II), or 1n
catalytic amounts, based on the compound (1I), for example 1n
an amount of from about 0.001 to 0.2 mol per mole of the
compound (II). However, the base can also be employed 1n a
large excess based on the compound of the formula (II), for
example as solvent.

Usually, the compound of the formula (I) 1s 1solated under
approximately pH-neutral conditions, 1.¢. at a pH in the range
of from 4 to 10, or under non-aqueous conditions, in order to
prevent excess hydrolysis of the group —C(O)OR'.

However, for the conversion described below 1nto the cor-
responding pyrazol-4-ylcarboxylic ester, 1t 1s not necessary to
1solate the compounds of the formula (I). On the contrary, 1t
has been found to be advantageous to dispense with 1solating
the compound (1) and to convert 1t as a crude product or 1n the
form of the reaction mixture obtained 1n the process accord-
ing to the mvention into the corresponding pyrazol-4-ylcar-
boxylic esters.

The process according to the invention yields the com-
pounds of the formula (I) from the compounds of the formula
(II) 1n good to very good vyields, 1.e. generally 1n yields of at
least 70% and frequently of at least 80%.

The compounds of the general formula (II) are commer-
cially available or can be prepared analogously to known
compounds, as 1llustrated, for example, 1n scheme 1 or 2.

Scheme 1

O

base

/\)]\ - ONIRR

LG OR!
(Vla)
O
R2 /\)‘\
\N N OR!

(1)

Scheme 1 shows the preparation of compounds of the
tformula (II) by reacting an a,3-unsaturated ester of the for-
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mula (V1.a) in which R" has one of the meanings given above
and LG 1s a leaving group, such as, for example, an alkoxy
group, for example C,-C.-alkoxy, with an amine of the for-
mula NHR*R> in which R* and R” have one of the meanings
given above, 1n the presence of a base such as, for example,

K,CO;. Suitable methods for carrying out this reaction are
known to the person skilled in the art.

Scheme 2
O
T () —
)I\ L CO MT™-O—Alk .
OR!
O
M 'O/\)LORI NHR’R?*HCI
o=
(VI.b)
O
R2 /\)’I\
SN A OR!
.
(1I)

Alternatively, compounds of the formula (II) can be pro-
vided analogously to EP 0 388 744 by reacting a p-hydroxy-
acrylic ester salt of the formula (VIL.b) in which R* has one of
the meanings mentioned above and M™ is, for example, an
alkali metal cation, such as Na™ or K*, with an ammonium
chloride of the formula NHR*R>*HCI.

Compounds of the formula (VI.b) can be provided, for
example, by reacting the corresponding acetic ester with CO
and an alkoxide of the formula M™-O-Alk in which Alk 1s, for
example, C,-C -alkyl.

When converting the compounds of the formula (I) 1nto
difluoromethylpyrazolyl-carboxylic esters, the amines of the
formula NHR”R” are obtained as a byproduct, and after the
reaction has been carried out, they can advantageously be
recovered and, if appropriate, converted into their hydrochlo-
rides NHR*R’*HCI, to be used again for providing com-
pounds of the formula (II) according to scheme 1 or 2.

The compounds of the formula (1), prepared by the process
according to the invention, in which R* together with R> and
the nitrogen atom to which the two radicals are attached are a
heterocyclic radical are likewise novel. Accordingly, another
subject matter of the invention relates to the compounds of the
formula (1)

()

in which R' has one of the meanings given above and R*
together with R® and the nitrogen atom to which the two
radicals are attached are an optionally substituted 5- to
10-membered heterocyclic radical which, 1n addition to the
nitrogen atom, may contain a further 1, 2 or 3 heteroatoms
selected from the group consisting of O, N and S as ring
members.
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The compounds of the formula (I) in which R” together
with R” and the nitrogen atom to which the two radicals are
attached are a heterocyclic radical are suitable 1n a particu-
larly advantageous manner for preparing difluoromethyl-
substituted pyrazol-4-ylcarboxylic esters. Accordingly, a fur-
ther subject matter of the invention relates to a process for
preparing difluoromethyl-substituted pyrazol-4-ylcarboxylic
esters of the formula (11I)

(I11)

H O
F O—R!
I
J
\N
s
in which
R' is C,-C.-alkyl, C,-C.-haloalkyl, C,-C.-alkenyl,

C;-C,,-cycloalkyl or benzyl, where the two last men-
tioned radicals are unsubstituted or have 1, 2 or 3 sub-
stituents independently of one another selected from the
group consisting ol halogen, CN, nitro, C,-C,-alkyl,
C,-C,-haloalkyl, C,-C,-alkoxy and C,-C,-haloalkoxy;
and
R* is hydrogen, C,-C.-alkyl, C,-C.-haloalkyl, C,-C,,-cy-
cloalkyl, phenyl or benzyl where the three last men-
tioned radicals are unsubstituted or have 1, 2 or 3 sub-
stituents independently of one another selected from the
group consisting of halogen, CN, nitro, C,-C,-alkyl,
C,-C,-haloalkyl, C,-C,-alkoxy and C,-C,-haloalkoxy;
wherein
a) a compound of the formula (I) 1s provided,

(D

in which R' has one of the meanings given above and R*
together with R> and the nitrogen atom to which the
two radicals are attached are an optionally substituted
5- to 10-membered heterocyclic radical which, in
addition to the nitrogen atom, may contain a further 1,
2 or 3 heteroatoms selected from the group consisting
of O, N and S as rning members; and

b) the compound of the formula (I) provided 1n step a) 1s

reacted with a hydrazine compound of the formula (IV)

RHN—NH, (IV)

in which R* has one of the meanings given above.

The process according to the mnvention for preparing com-
pounds of the formula (III) 1s associated with a number of
advantages. The process according to the mvention atfords
the compounds of the formula (111) 1n a high yield. Moreover,
if R* has a meaning different from H, the compound of the
tormula (III) 1s prepared with high selectivity over the (5-di-
fluoromethylpyrazol-4-yl)carboxylic ester formed as a
byproduct. Thus, a complicated separation of the 1somer mix-
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tures may be dispensed with or at least limited. Moreover, the
process according to the invention can be carried out both
anhydrously and 1n the presence of water, simultaneously
achieving satisfactory yields and excesses of the compound
of the formula (III).

Preferably, the group R' in the compounds of the formula
(III) has one of the meanings mentioned above as preferred
meanings of the groups R' in the compounds of the formulae
(I) and (1I).

In a specific embodiment of the process according to the
invention, the group R* in the compounds of the formulae (I11)
and (IV) has a meaning different from hydrogen. By the
process according to the invention, the compounds of the
formula (II) in which R* has a meaning different from hydro-
gen can be prepared with particularly high selectivity over the
corresponding S-difluoromethylpyrazol-4-ylcarboxylic
esters.

Preferably, the group R* in the compounds of the formulae
(III) and (IV) 1s C,-C,-alkyl, C,;-C.-cycloalkyl, phenyl or
benzyl, where the three last mentioned radicals are unsubsti-
tuted or have 1, 2 or 3 substituents independently of one
another selected from the group consisting of halogen, C,-C, -
alkyl and C, -C ,-alkoxy. With particular preference, R* in the
compounds of the formulae (III) and (IV) 1s C,-C,-alkyl, 1n
particular C,-C,-alkyl and especially methyl.

Preferably, the provision of a compound of the formula (1)
(step a) in the process according to the invention for preparing
compounds of the formula (III) 1s carried out by the above-
described process for preparing compounds of the formula
().

In a specific embodiment of the process according to the
invention for preparing compounds of the formula (III), a
reaction mixture 1s reacted without prior isolation of the com-
pound of the formula (I) with the hydrazine compound of the
formula (IV), wherein the reaction mixture contains a com-
pound of the formula (I) and has been prepared by the process
described above.

Step b)

Preferably, the hydrazine compound of the formula (IV) 1s
employed 1n equimolar amounts or in excess, based on the
component of the formula (I), a relatively large excess of the
compound (IV), for example of more than 20 mol %, gener-
ally not being required. Pretferably, from 1.0 to 1.2 mol, 1n
particular from about 1.01 to 1.15 mol, of the hydrazine
compound (IV) are employed per mole of the compound (I).

The hydrazine compound of the formula (IV) 1s preferably
a C,-C,-alkylhydrazine and 1n particular a C, -C ,-alkylhydra-
zine; specifically, the compound of the general formula (IV)
1s methylhydrazine.

IfR™ in the compounds of the formula (II1) is hydrogen, the

compound of the formula (IV) used 1s preferably hydrazine
hydrate.
The reaction of the compound of the formula (I) with the
hydrazine compound (IV) 1s usually carried out such that the
hydrazine compound of the formula (IV) 1s mitially charged
in a suitable solvent, the desired reaction temperature 1s set
and the compound of the formula (I), 11 appropriate 1n the
form of a solution and/or a reaction mixture obtained during
the provision, 1s then added.

Preferably, the hydrazine compound of the formula (IV) 1s
initially charged as a solution 1 an organic solvent or a
solvent/water mixture. Alternatively, 1t may also be possible
to add the hydrazine compound of the formula (IV), prefer-
ably as solution in an organic solvent or 1n a solvent/water
mixture, to the compound of the formula (1), 1f appropriate in
the form of a solution 1n an organic solvent or 1n a solvent/
water mixture.
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Organic solvents suitable for reacting the compound of the
formula (I) with the hydrazine compound (IV) are, for
example, protic polar solvents, such as aliphatic alcohols
having preferably 1 to 4 carbon atoms, especially methanol,
cthanol, n-propanol, 1sopropanol, n-butanol, 1sobutanol or
tert-butanol, nonpolar aprotic solvents, ¢.g. aromatic hydro-
carbons, such as benzene, toluene, xylenes, mesitylene,
cumene, chlorobenzene, nitrobenzene or tert-butylbenzene,
aprotic polar solvents, such as cyclic or acyclic ethers, espe-
cially diethyl ether, tert-butyl methyl ether (MTBE), cyclo-
pentyl methyl ether, tetrahydrofuran (THF) or dioxane, cyclic
or acyclic amides, especially dimethyliformamide, dimethy-
lacetamide, N-methylpyrrolidone, ureas, such as N,N'-dim-
cthyl-N,N'-ethyleneurea (DMEU), N,N'-dimethyl-N,N'-pro-
pyleneurea (DMPU) or tetramethylurea, or aliphatic nitriles,
especially acetonitrile or propionitrile, or mixtures of the
solvents mentioned above.

The reaction of the compound of the formula (I) with the
hydrazine compound (IV) can, if appropriate, be carried out
in the presence of a base.

Bases suitable for this purpose are organic bases, for
example the abovementioned acyclic tertiary amines, such as
trimethylamine, triethylamine, duisopropylethylamine, tert-
butyldimethylamine or ethyldicyclohexylamine, the above-
mentioned cyclic tertiary amines, such as N-methylpyrroli-
dine, N-methylpiperidine, N-methylmorpholine, N,N'-
dimethylpiperazine, pyridine, collidine, Iutidine or
4-dimethylaminopyridine, or bicyclic amines, such as diaz-
abicycloundecene (DBU) or diazabicyclononene (DBN).

Also suitable as bases are inorganic compounds, for
example alkali metal and alkaline earth metal hydroxides,
such as sodium hydroxide, potassium hydroxide or calcium
hydroxide, alkali metal and alkaline earth metal oxides, such
as lithium oxide, sodium oxide, calcium oxide or magnesium
oxide, alkali metal and alkaline earth metal carbonates, such
as lithium carbonate or calcium carbonate, alkali metal bicar-
bonates, such as sodium bicarbonate, alkali metal and alka-
line earth metal hydrides, such as lithtum hydride, sodium
hydride, potassium hydride or calcium hydrnide, or alkali
metal amides, such as lithtum amide, sodium amide or potas-
sium amide.

The base can be employed either 1n approximately equimo-
lar amounts, based on the compound (1), for example 1n an
amount of from about 0.8 to 1.2 mol per mole of the com-
pound (I), or 1n catalytic amounts, based on the compound (1),
for example 1n an amount of from about 0.001 to 0.2 mol per
mole of the compound (I). However, the base may also be
employed 1n a large excess based on the compound of the
formula (II), for example as solvent.

By adding a base, it may in some cases be possible to
achieve arelatively large excess of the 3-difluoromethylpyra-
zol-4-ylcarboxylic esters of the formula (III), based on the
S-difluoromethylpyrazol-4-ylcarboxylic ester formed as
byproduct.

In a specific embodiment of the process according to the
invention for preparing compounds of the formula (I1II), the
reaction of the compound of the formula (I) with the hydra-
zine compound of the formula (IV) 1s carried out in the
presence of water. Here, even a small amount of water in the
reaction mixture ol 1000 ppm 1s suilicient. The water released
during the reaction 1s not taken into account when the water
content 1s stated.

In general, the water content of the reaction mixture will
not exceed 50% by volume, frequently 30% by volume, in
particular 15% by volume, and 1t 1s frequently in the range of
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from 0.1 to 50% by volume, preferably 1n the range of from
0.5 to 30% by volume, 1n particular 1n the range of from 1 to
15% by volume.

The reaction of the compound of the formula (I) 1s usually
carried out 1n the presence of water at temperatures of from
—-80 to +100° C. In a specific embodiment, at the start of the
reaction, the temperature 1s set to from -30 to +20° C., n
particular from —135 to +10° C., and during the course of the
reaction 1t 1s increased to a temperature of from +10 to +40°
C., 1n particular to room temperature.

I1 the reaction of the compound of the formula (I) 1s carried
out 1n the presence of water and a base, the base 1s preferably
selected from the i1norganic compounds mentioned above,
specifically from the alkali metal or alkaline earth metal bases
mentioned above and 1n particular from alkali metal hydrox-
ides or alkaline earth metal hydroxides, such as NaOH or
KOH. With respect to the amounts used, what was said above
applies.

The process according to the invention atfords the com-
pounds of the formula (III), when reacting a compound of the
formula (I) in the presence of water, in good vields, 1.e.
generally 1n yields of at least 60% and frequently of at least
70%. Furthermore, if R* has a meaning different from H, this
embodiment of the process yields the compounds of the for-
mula (III) with high selectivity over the corresponding 5-di-
fluoromethylpyrazol-4-ylcarboxylic esters, 1.e. generally 1n a
ratio of 3-difluoromethylpyrazol-4-ylcarboxylic ester to 5-di-
fluoromethylpyrazol-4-ylcarboxylic ester ofatleast 2.5:1 and
frequently of at least 5:1. In the presence of a suitable base,
ratios of at least 10:1 or even 20:1 are frequently obtained.

In a further specific embodiment of the process according,
to the invention for preparing compounds of the formula (111),
the reaction of the compound of the formula (I) with the
hydrazine compound of the formula (IV) 1s carried out essen-
tially anhydrously, 1.e. the reaction mixture has a water con-
tent of less than 500 ppm and 1n particular of less than 100
ppm. The water released during the reaction 1s not taken into
account in the stated water content.

Usually, the process according to the invention in which the
reaction of a compound of the formula (I) 1s carried out
essentially anhydrously 1s carried out at temperatures of from
—80 to +100° C. In a specific embodiment, at the beginning of
the reaction the temperature 1s set to from -80 to -10° C., in
particular from -60 to -30° C., and increased during the
course of the reaction to a temperature of from +10 to +40° C.,
in particular room temperature.

If the process according to the mvention in which the
reaction of a compound of the formula (I) 1s carried out
essentially anhydrously 1s carried out in the presence of a
base, this base 1s preferably selected from among alkaline
carth metal and alkali metal carbonates and the organic bases
mentioned above, 1 particular from among the organic bases
and specifically from among the pyridines and acyclic tertiary
amines mentioned above, such as pyridine or triethylamine.
With respect to the amount employed, what was said above
applies.

The process according to the mvention in which the reac-
tion of acompound of the formula (1) 1s carried out essentially
anhydrously affords the compounds of the formula (III) 1n

good to very good vields, 1.e. generally 1n yields of at least
80% and frequently of at least 90%. Furthermore, if R* has a

meaning different from H, this embodiment of the process
yields the compounds of the formula (III) with very high
selectivity over the corresponding 5-difluoromethylpyrazol-
4-ylcarboxylic esters, 1.e. generally 1n a ratio of 3-difluorom-
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cthylpyrazol-4-ylcarboxylic ester to 5-difluoromethylpyra-
zol-4-ylcarboxylic ester of at least 10:1 and frequently of at
least 20:1.

Work-up of the reaction mixtures obtained and 1solation of
the compound of the formula (III) 1s carried out 1n a custom-
ary manner, for instance by removing the solvent, for example
under reduced pressure, by aqueous extractive work-up or by
a combination of these measures. Further purification may be
carried out, for example, by a crystallization or by chroma-
tography. Frequently, the product 1s already obtained 1n a
purity which makes further purification steps redundant.

When converting the compounds of the formula (I) mnto
difluoromethylpyrazolyl-carboxylic esters, the amines of the
formula NHR”R” are obtained as a byproduct. These amines
can be 1solated by suitable measures known to the person
skilled 1n the art and be used for providing compounds of the
formula (II). The 1solation of the amines of the formula
NHRR" can be carried out, for example, by customary sepa-
ration methods, such as precipitation by adjusting the pH, or
by extraction.

The compounds of the formula (III) can be hydrolyzed to
give the corresponding difluoromethyl-substituted pyrazol-4-
ylcarboxylic acids.

Accordingly, a further subject matter of the mmvention

relates to a process for preparing a pyrazol-4-carboxylic acid
of the formula (V)

(V)

in which R* has one of the meanings given above, comprising
the provision of a compound of the formula (III) as defined
above by a process according to the mnvention and the
hydrolysis of the ester function 1n the compound of the for-
mula (III), whereby the pyrazolecarboxylic acid of the for-
mula (V) 1s obtained.

In a specific embodiment of the process according to the
invention for preparing compounds of the formula (V), a
reaction mixture provided by a process according to the
invention for preparing compounds of the formula (III) and
comprising a compound of the formula (III) 1s hydrolyzed
without prior 1solation of the compound of the formula (I1I).

The hydrolysis of the ester function 1n the compound (11I)
can be carried out with acid catalysis or basically or 1n another
way. The compound (III) can be employed as such, 1.e. after
1solation. However, 1t 1s also possible to react the reaction
mixture obtained 1n step b), 1f appropriate after removal of
volatile components, such as solvents, without 1solation of the
compound of the formula (I1I).

In the basic hydrolysis of the compound (III), the com-
pound of the formula (III) 1s usually treated with an alkali
metal hydroxide or alkaline earth metal hydroxide, such as
sodium hydroxide, potassium hydroxide or lithium hydrox-
ide, preferably with an aqueous alkali metal hydroxide solu-
tion or alkaline earth metal hydroxide solution, specifically an
aqueous NaOH solution or an aqueous KOH solution, until
the ester 1s completely hydrolyzed, preferably with heating.

In the basic hydrolysis, the molar ratio of the compound of
the formula (III) to the base 1s usually 1n the range of from
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0.8:1 to 1:10 and 1s 1n particular about equimolar, for example
in the range of from 0.8:1 to 1.2:1; however, a relatively large
excess of base, for example of up to 5 mol per mole of the
compound (III), may also be advantageous.

The basic hydrolysis 1s usually carried out 1n a diluent or
solvent. In addition to water, suitable diluents or solvents are

also mixtures of organic solvents stable towards alkali, with
water. Examples of organic solvents which are stable to alkali
are 1n particular the C,-C -alcohols mentioned above, and
also the acyclic and cyclic ethers mentioned above.

Also suitable are mixtures of nonpolar solvents, for
example aromatic hydrocarbons, such as benzene, toluene,
xylenes, or (cyclo)aliphatic hydrocarbons, such as hexane,
cyclohexane and the like, with water.

The basic hydrolysis 1s preferably carried out at tempera-
tures of from 20 to 100° C. In general, the upper temperature
limit 1s the boiling point of the solvent used, provided the
reaction 1s carried out at atmospheric pressure. Preferably, a
reaction temperature of 100° C. and 1n particular of 90° C. 1s
not exceeded. Here, the reaction time depends on the reaction
temperature and on the concentration and the stability of the
ester compound 1n question. In general, the reaction condi-
tions are chosen such that the reaction time 1s in the range of
from 0.5 to 12 h and 1n particular 1n the range of from 1 to 6
h.

The acidic hydrolysis of the ester group of the compound
(III) can be carried out analogously to known acidic ester
hydrolyses, 1.e. 1 the presence of catalytic or stoichiometric
amounts of an acid and water (see, for example, J. March,
Advanced Organic Chemistry, 2nd ed., 334-338, McGraw-
Hill, 1977 and the literature cited therein). Frequently, the
reaction 1s carried out 1n a mixture of water and an aprotic
organic solvent, for example an ether, as mentioned above.
Examples of suitable acids are hydrohalic acids, sulturic acid,
organic sulfonic acids, such as p-toluenesulfonic acid or
methanesulfomic acid, phosphoric acid and also acidic 1on
exchange resins and the like.

Suitable hydrolysis catalysts are furthermore alkali metal
1odides, lithium 1odide, trimethyliodosilane or mixtures of
trimethylchlorosilane with alkali metal 1odides, such as
lithium 10dide, sodium 1odide or potassium 1odide.

The acid (V) 1s 1solated by customary separation methods,
such as, for example, by precipitation via adjusting the pH, or
by extraction.

It has been found to be particularly advantageous, when
using mixtures of nonpolar solvents with water as reaction
medium, to separate the acid of the formula (V) under basic
pH conditions as a solution 1n the aqueous phase, followed by
precipitation as a solid from the aqueous solution by adjusting
an acidic pH. If the compounds of the formula (11I) are hydro-
lyzed 1n the form of a reaction mixture provided by a process
according to the invention, without prior 1solation of the
compound of the formula (III), this procedure affords, as a
byproduct of the precursor, the amine of the formula NHR*R”
as a solution 1n the separated organic phase, and the amine can
be used for providing compounds of the formula (II).

The compounds of the general formulae (III) and (V) are
suitable for synthesizing a large number of compounds which
are of 1nterest as active compounds, such as, for example, for
preparing 3-difluoromethylpyrazol-4-carboxamides, 1n par-
ticular 3-difluoromethylpyrazol-4-carboxanilides.

Suitable methods for preparing anilides by reacting car-
boxylic acids or carbonyl halides with aromatic amines are
known to the person skilled 1n the art, for example from the

prior art cited at the outset, and also from J. March, Advanced
Organic Chemistry, 2nd ed., 382 1, McGraw-Hill, 1977 and
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Organikum, 21st edition, Wiley-VCH, Weinheim 2001, pp.
481-484 and the literature cited therein.

Examples of 3-difluoromethylpyrazol-4-carboxamides
which can be prepared by this route are:
N-(2-bicyclopropyl-2-ylphenyl)-3-difluoromethyl-1-meth-

ylpyrazol-4-ylcarboxamide,

N-(3',4", 5" -trifluorobiphenyl-2-yl-3-difluoromethyl-1-meth-
ylpyrazol-4-ylcarboxamide,
N-(2',4",5'-trifluorobiphenyl-2-yl-3-difluoromethyl-1-meth-
ylpyrazol-4-ylcarboxamide,
N-(3',4'-dichloro-3-fluorobiphenyl-2-yl)-1-methyl-3-difluo-
romethyl-1H-pyrazol-4-ylcarboxamide,
N-(3',4'-difluoro-3-fluorobiphenyl-2-yl)-1-methyl-3-difluo-
romethyl-1H-pyrazol-4-ylcarboxamide,
N-(3'-chloro-4'-fluoro-3-tfluorobiphenyl-2-y1)-1-methyl-3-
difluoromethyl-1H-pyrazol-4-ylcarboxamaide,
N-(3',4'-dichloro-4-fluorobiphenyl-2-yl)-1-methyl-3-difluo-
romethyl-1H-pyrazol-4-ylcarboxamide,
N-(3',4'-difluoro-4-fluorobiphenyl-2-yl)-1-methyl-3-difluo-
romethyl-1H-pyrazol-4-ylcarboxamide,
N-(3'-chloro-4'-fluoro-4-tluorobiphenyl-2-y1)-1-methyl-3-
difluoromethyl-1H-pyrazol-4-ylcarboxamide,
N-(3',4'-dichloro-5-fluorobiphenyl-2-yl)-1-methyl-3-difluo-
romethyl-1H-pyrazol-4-ylcarboxamide,
N-(3',4'-difluoro-5-fluorobiphenyl-2-v1)-1-methyl-3-difluo-
romethyl-1H-pyrazol-4-ylcarboxamide,
N-(3'-chloro-4'-fluoro-5-fluorobiphenyl-2-y1)-1-methyl-3-
difluoromethyl-1H-pyrazol-4-ylcarboxamaide,
N-[2-(1,1,2,3,3,3-hexafluoropropoxy)-phenyl]-3-difluorom-
cthyl-1-methyl-1H-pyrazol-4-ylcarboxamide,
N-[4'-(trifluoromethylthio)-biphenyl-2-yl1]-3-difluorom-
cthyl-1-methyl-1H-pyrazol-4-ylcarboxamide,
3-(difluoromethyl)-1-methyl-N-[1,2,3,4-tetrahydro-9-(1-
methylethyl)-1.,4-methanonaphthalen-3-yl]-1H-pyrazol-
4-ylcarboxamide,
N-(3'-chloro-5-tfluorobiphenyl-2-y1)-3-(difluoromethyl)-1-
methylpyrazol-4-ylcarboxamide,
N-(4'-chloro-5-tfluorobiphenyl-2-y1)-3-(difluoromethyl)-1-
methylpyrazol-4-ylcarboxamide,
N-(4'-chlorobiphenyl-2-yl)-3-(difluoromethyl)-1-meth-
ylpyrazol-4-ylcarboxamide,
N-(4'-bromobiphenyl-2-yl)-3-(difluoromethyl)-1-meth-
ylpyrazol-4-ylcarboxamide,
N-(4'-10dobiphenyl-2-yl)-3-(difluoromethyl)-1-methylpyra-
zol-4-ylcarboxamide,
N-(3',5'"-difluorobiphenyl-2-y1)-3-(difluoromethyl)-1-meth-
ylpyrazol-4-ylcarboxamide,
N-(2-chloro-4-fluorophenyl)-3-(difluoromethyl)-1-meth-
ylpyrazol-4-ylcarboxamide,
N-(2-bromo-4-fluorophenyl)-3-(difluoromethyl)-1-meth-
ylpyrazol-4-ylcarboxamide and
N-(2-10do-4-fluorophenyl)-3-(difluoromethyl)-1-meth-
ylpyrazol-4-ylcarboxamide.

Hereinbelow, the present invention 1s illustrated 1n more

detail by non-limiting examples.

EXAMPLES
1. Preparation of Compounds of the Formula (I)
Preparation Example 1.1

Ethyl 4.,4-difluoro-3-oxo-2-(piperidin-1-ylmeth-
ylidene)butyrate (Alternative 1)

Ethyl 3-piperidin-1-ylacrylate (94%, 9.4 g, 48 mmol) and
triethylamine (5.2 g, 51 mmol) were initially charged in 100
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ml of toluene and cooled to -30° C. At this temperature,
difluoroacetyl fluoride (5 g, 51 mmol) was then introduced.
The reaction mixture was stirred at =30° C. for 3 h and then,
over a period of 1 h, warmed to room temperature. The reac-
tion mixture was washed with deronized water (50 ml). After
separation of the phases, the aqueous phase was extracted
once with toluene (100 ml). The toluene phases were com-
bined and washed with an aqueous saturated NaCl solution
(100 ml), and the solvent was then removed under reduced
pressure. This gave ethyl 4,4-difluoro-3-oxo-2-(1-piperidin-
1 -ylmethylidene)butyrate as an orange o1l (amount: 13.0 g;
purity according to GC: 91.2%; vyield: 94%). '"H-NMR
(CDCl,): 6=1.3 (t, 3H), 1.75 (m, 6H), 3.3 (m, 2H), 3.6 (m,
2H), 4.25 (q, 2H), 6.6 (t, 1H), 7.85 ppm (s, 1H).

Preparation Example 1.2

Ethyl 4.,4-ditfluoro-3-oxo-2-(piperidin-1-ylmeth-
ylidene)butyrate (Alternative 2)

Ethyl 3-piperidin-1-ylacrylate (94%, 9.4 g, 48 mmol) was
initially charged 1n toluene (100 ml) and cooled to —30° C. At
this temperature, difluoroacetyl fluoride (3.0 g, 51 mmol) was
introduced into the reaction mixture. Triethylamine (3.2 g, 51
mmol) was then added to the reaction mixture. The reaction
mixture was stirred at =30° C. for 3 h and then, over a period
of 1 hour, warmed to room temperature. The reaction mixture
was washed with deionized water (50 ml). After separation of
the phases, the aqueous phase was extracted once with tolu-
ene (100 ml). The toluene phases were combined and washed
with an aqueous saturated NaCl solution (100 ml) and the
solvent was then removed under reduced pressure. This gave
cthyl  4.,4-difluoro-3-oxo-2-(1-piperidin-1-ylmethylidene)
butyrate as an orange o1l (amount: 12.6 g; purity according to
GC: 85.5%; vield: 85.5%).

Preparation Example 1.3

Ethyl 4.4-difluoro-3-oxo-2-(piperidin-1-ylmeth-
ylidene)butyrate (Alternative 3)

Ethyl 3-piperidin-1-ylacrylate (94%, 9.4 g, 48 mmol) was
initially charged 1n toluene (100 ml) and cooled to —30° C. At
this temperature, difluoroacetyl fluoride (3.0 g, 51 mmol) was
introduced. Triethylamine (7.7 g, 77 mmol) was then added to
the reaction mixture. The reaction mixture was stirred at =30°
C. for 3 h and then, over a period of 1 h, warmed to room
temperature. The reaction mixture was washed with deion-
1zed water (50 ml). After separation of the phases, the aqueous
phase was extracted once with toluene (100 ml). The toluene
phases were combined and washed with an aqueous saturated
NaCl solution (100 ml), and the solvent was then removed
under reduced pressure. This gave ethyl 4,4-ditluoro-3-oxo-
2-(1-piperidin-1-ylmethylidene)butyrate as an orange o1l
(amount: 12.3 g; purity according to GC: 85.4%; vield:
83.4%).

Preparation Example 1.4

Ethyl 4,4-difluoro-3-oxo-2-(piperidin-1-ylmeth-
ylidene)butyrate (Alternative 4)

Ethyl 3-piperidin-1-ylacrylate (94%, 9.4 g, 48 mmol) was
initially charged 1n toluene (100 ml) and cooled to —30° C. At
this temperature, difluoroacetyl fluoride (5.0 g, 51 mmol) was
introduced. Tributylamine (9.5 g, 51 mmol) was then added to
the reaction mixture. The reaction mixture was stirred at —30°
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C. for 3 h and then, over a period of 1 hour, warmed to room
temperature. The reaction mixture was washed with deion-
1zed water (50ml). After separation of the phases, the aqueous
phase was extracted once with toluene (100 ml). The toluene
phases were combined and washed with an aqueous saturated
NaCl solution (100 ml) and the solvent was then removed
under reduced pressure. This gave ethyl 4,4-difluoro-3-oxo-
2-(1-piperidin-1-ylmethylidene)butyrate as an orange oil
(amount: 12.7 g; purity according to GC: 82.15%; vield:
82.8%).

Preparation Example 1.5

Methyl 4,4-difluoro-3-o0xo0-2-(piperidin-1-ylmeth-
ylidene)butyrate

Methyl 3-piperidin-1-ylacrylate (96.7%, 350.7 g, 289
mmol) and triethylamine (31.07 g, 307 mol) were itially
charged in toluene (300 ml) and cooled to —=30° C. At this
temperature, difluoroacetyl fluoride (30.1 g 307 mmol) was
introduced. The reaction mixture was stirred at =30° C. for 3
h and then, over a period of 1 hour, warmed to room tempera-
ture. The reaction mixture was washed with deiomized water
(150 ml). After separation of the phases, the aqueous phase
was extracted once with toluene (100 ml). The toluene phases
were combined and washed with an aqueous saturated NaCl
solution (100 ml), and the solvent was then removed under
reduced pressure. This gave methyl 4,4-difluoro-3-0xo0-2-(1-
piperidin-1-ylmethylidene)butyrate as an orange o1l (amount:
69.7 g; purity according to GC: 92.3%; yield: 90%). 'H-NMR
(CDCl,): 0=1.75 (m, 6H), 3.3 (m, 2H), 3.62 (m, 2H), 3.75 (s,
3H), 6.62 (t, 1H), 7.89 ppm (s, 1H).

Preparation Example 1.6

Methyl 4,4-ditluoro-3-oxo-2-(piperidin-1-ylmeth-
ylidene)butyrate (comparative example for 1.5, not
according to the invention)

Methyl 3-piperidin-1-ylacrylate (99%, 26.6 g, 155 mmol)
and triethylamine (17.3 g, 171 mmol) were mitially charged
in toluene (300 ml) and cooled to —=30° C. At this temperature,
difluoroacetyl chloride (20 g, 171 mmol) was introduced. The
reaction mixture was stirred at =30° C. for 3 h, another 200 ml
of toluene were added to keep the suspension stirrable and the
mixture was then warmed to room temperature over a period
of 1 hour. The reaction mixture was washed with deionized
water (200 ml). After separation of the phases, the aqueous
phase was extracted once with toluene (100 ml). The toluene
phases were combined and washed with an aqueous saturated
NaCl solution (100 ml), and the solvent was then removed
under reduced pressure. This gave methyl 4,4-difluoro-3-
0x0-2-(1-pipenidin-1-ylmethylidene)butyrate as an orange
o1l (amount: 37.6 g; purity according to quant. NMR: 82.2%:;
yield: 80.3%).

Preparation Example 1.7

Methyl 4,4-difluoro-3-0xo0-2-(piperidin-1-ylmeth-
ylidene)butyrate

Methyl 3-piperidin-1-ylacrylate (99%, 8.7 g, 51 mmol)
and pyridine (4.26 g, 54 mmol) was 1mnitially charged 1n tolu-
ene (150 ml) and cooled to -30° C. At this temperature,
difluoroacetyl fluoride (10 g, 61 mmol) was 1ntroduced. The
reaction mixture was stirred at —=30° C. for 3 h and then, over
aperiod of 1 hour, warmed to room temperature. The reaction
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mixture was washed with deionized water (200 ml). After
separation of the phases, the aqueous phase was extracted
once with toluene (100 ml). The toluene phases were com-
bined and washed with an aqueous saturated NaCl solution
(100 ml), and the solvent was then removed under reduced
pressure. This gave methyl 4,4-ditfluoro-3-oxo-2-(1-piperi-
din-1-ylmethylidene)butyrate as an orange o1l (amount: 12.0
g purity according to GC: 97.7%; vield: 93.2%).

Preparation Example 1.8

Methyl 4,4-ditfluoro-3-oxo-2-(morpholin-4-ylmeth-
ylidene)butyrate

Methyl 3-morpholin-4-ylacrylate (96.3%, 8.5 g, 50 mmol)
and triethylamine (5.2 g, 50 mmol) were 1mitially charged 1n
toluene (250 ml) and cooled to —30° C. At this temperature,
difluoroacetyl fluoride (5.0 g, 50 mmol) was introduced. The
reaction mixture was stirred at =30° C. for 3 h and then, over
a period of 1 hour, warmed to room temperature. Under
reduced pressure, the reaction mixture was freed from the
solvent. The residue obtained was 135.5 g of an orange solid
which, according to quant. 'H-NMR, consisted to 66.4% of
methyl  4,4-difluoro-3-oxo-2-(morpholin-4-ylmethylidene)
butyrate (yield: 82%). "H-NMR (CDCL,): 6=3.4 (m, 2H), 3.7
(m, 2H), 3.75 (s, 3H), 3.85 (m, 2H), 6.6 (t, 1H), 7.85 ppm (s,
1H).

Preparation Example 1.9

Methyl 4.,4-difluoro-3-0x0-2-(2,6-dimethylmorpho-
lin-4-ylmethylidene)butyrate

Methyl 3-(2,6-dimethylmorpholin-4-yl)acrylate (93.5%,
17.5 g, 82 mmol) and triethylamine (8.8 g, 87 mmol) were
initially charged in toluene (150 ml) and cooled to —=30° C. At
this temperature, difluoroacetyl fluoride (10.0 g, 100 mmol)
was introduced. The reaction mixture was stirred at —30° C.
for 3 h and then, over a period of 1 hour, warmed to room
temperature. The reaction mixture was washed with deion-
1zed water (100 ml). After separation of the phases, the aque-
ous phase was extracted once with toluene (100 ml). The
toluene phases were combined and washed with an aqueous
saturated NaCl solution (100 ml), and the solvent was then
removed under reduced pressure. The residue obtained was
21.4 g of an orange solid which, according to GC analysis,
consisted to 90.8% of methyl 4,4-ditluoro-3-oxo0-2-(2,6-dim-
cthylmorpholin-4-ylmethylidene)butyrate (vield: 85.3%).
"H-NMR (CDCl,): 6=1.2 (s, 3H), 1.25 (s, 3H), 2.95 (m, 1H),
3.25 (m, 1H), 3.5 (m, 1H), 3.75 (m, 2H), 3.8 (s, 3H), 6.6 (X,
1H), 7.85 ppm (s, 1H).

2. Preparation of Compounds of the Formula (I11I)

Preparation Example I1I.1

Ethyl 3-difluoromethyl-1-methyl-1H-pyrazol-4-yl-
carboxylate (Alternative 1)

Methylhydrazine (0.33 g, 7 mmol) was dissolved 1n tolu-
ene (50 ml) and cooled to -50° C. At this temperature, a
solution of ethyl 4,4-difluoro-3-oxo-2-(1-piperidin-1-ylm-
cthylidene)butyrate (85.5%, 2.0 g, 6.5 mmol) 1n toluene (50
ml) was added dropwise to the reaction mixture. The reaction
mixture was stirred at —=50° C. for 2 h and then, over a period
of 1 hour, warmed to room temperature. Under reduced pres-
sure, the reaction mixture was then freed from the solvent.
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Theresidue was dissolved in ethyl acetate (50 ml) and washed
with deionized water (50 ml). The organic phase was dried
over MgSQO,, and the solvent was then removed under
reduced pressure. The residue obtained was ethyl 3-ditluo-
romethyl-1-methyl-1H-pyrazol-4-ylcarboxylate  (amount:
1.7 g; purity according to GC: 76.3% (based on the 3-1somer);

yield: 97%). The 1somer ratio of 3-1somer to 5-1somer 1n the
residue was 97:3. "H-NMR (CDCL,): 6=1.35 (t, 3H), 3.95 (s,
2H), 4.3 (q, 2H), 7.12 (t, 1H), 7.9 ppm (s, 1H).

Preparation Example 111.2

Ethyl 3-difluoromethyl-1-methyl-1H-pyrazol-4-yl-
carboxylate (Alternative 2)

An aqueous solution of methylhydrazine (35%, 0.95 g, 7
mmol) was mixed with toluene (50 ml) and cooled to -50° C.
At this temperature, a solution of ethyl 4,4-difluoro-3-ox0-2-
(1-piperidin-1-ylmethylidene)butyrate (85.5%, 2.0 g, 6.5
mmol) 1n toluene (50 ml) was added dropwise to the reaction
mixture. The reaction mixture was stirred at =50° C. for 2 h
and then, over a period of 1 hour, warmed to room tempera-
ture. Under reduced pressure, the reaction mixture was then
freed from the solvent. The residue was dissolved 1n ethyl
acetate (50 ml) and washed with detonized water (50 ml). The
organic phase was dried over MgSQO,, and the solvent was
then removed under reduced pressure. The residue obtained
was ethyl 3-difluoromethyl-1-methyl-1H-pyrazol-4-ylcar-
boxylate (amount: 1.7 g; purity according to GC: 359.3%
(based on the 3-1somer); vield: 75.4%). The 1somer ratio of
3-1somer to 5-1somer 1n the residue was 76:24.

Preparation Example I11.3

Ethyl 3-difluoromethyl-1-methyl-1H-pyrazol-4-yl-
carboxylate (Alternative 3)

An aqueous solution of methylhydrazine (35%, 0.95 g, 7
mmol) was mixed with triethylamine (0.66 g, 6.5 mol) and
toluene (50 ml) and cooled to -50° C. At this temperature, a
solution of ethyl 4,4-difluoro-3-oxo-2-(1-piperidin-1-ylm-
cthylidene)-butyrate (85.5%, 2.0 g, 6.5 mmol) 1n toluene (50
ml) was added dropwise. The reaction mixture was stirred at
—-50° C. for 2 h and then, over a period of 1 hour, warmed to
room temperature. Under reduced pressure, the reaction mix-
ture was then freed from the solvent. The residue was dis-
solved 1n ethyl acetate (50 ml) and washed with deionized
water (50 ml). The organic phase was dried over MgSO,,, and
the solvent was then removed under reduced pressure. The
residue obtained was ethyl 3-difluoromethyl-1-methyl-1H-
pyrazol-4-ylcarboxylate (amount: 1.8 g; purity according to
GC: 64.5% (based on the 3-1somer); yvield: 73.4%). The 1so0-

mer ratio of 3-1somer to 5-1somer 1n the residue was 84:16.

Preparation Example I11.4

Ethyl 3-difluoromethyl-1-methyl-1H-pyrazol-4-yl-
carboxylate (Alternative 4)

An aqueous solution of methylhydrazine (35%, 0.95 g, 7
mmol) was mixed with molecular sieve (3.0 g) and toluene
(50 ml) and cooled to -50° C. At this temperature, a solution
of ethyl 4,4-difluoro-3-oxo0-2-(1-piperidin-1-ylmethylidene)
butyrate (85.5%, 2.0 g, 6.5 mmol) 1n toluene (50 ml) was
added dropwise. The reaction mixture was stirred at —50° C.
for 2 h and then, over a period of 1 hour, warmed to room
temperature. The reaction mixture was then filtered and freed
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from the solvent under reduced pressure. The residue was
dissolved 1n ethyl acetate (50 ml) and washed with deionized
water (50 ml). The organic phase was dried over MgSO,,, and
the solvent was then removed under reduced pressure. The
residue obtained was ethyl 3-difluoromethyl-1-methyl-1H-
pyrazol-4-ylcarboxylate (amount: 1.3 g; purity according to

GC: 72.9% (based on the 3-1somer); yield: 71.0%). The 1s0-
mer ratio of 3-1somer to 5-1somer 1n the residue was 88:12.

Preparation Example I11.5

Ethyl 3-difluoromethyl-1-methyl-1H-pyrazol-4-yl-
carboxylate (Alternative 5)

An aqueous solution of methylhydrazine (35%, 1.03 g, 8
mmol) was mixed with aqueous sodium hydroxide solution
(10%, 2.6 g, 6.5 mmol) and ethanol (50 ml) and cooled to -3°
C. At this temperature, a solution of ethyl 4,4-difluoro-3-oxo-
2-(1-piperidin-1-ylmethylidene)butyrate (85.5%, 2.0 g, 6.5
mmol) in toluene (50 ml) was added dropwise. The reaction
mixture was stirred at —3° C. for 2 h and then, over a period of
1 hour, warmed to room temperature. Under reduced pres-
sure, the reaction mixture was then freed from the solvent.
Theresidue was dissolved in ethyl acetate (50 ml) and washed
with deionized water (50 ml). The organic phase was dried
over MgSO,, and the solvent was then removed under
reduced pressure. The residue obtained was ethyl 3-difluo-
romethyl-1-methyl-1H-pyrazol-4-ylcarboxylate  (amount:
1.0 g; purity according to GC: 80.6% (based onthe 3-1somer);
yield: 66.3%). The 1somer ratio of 3-1somer to 5-1somer 1n the
residue was 98:2.

Preparation Example 111.6

Methyl
3-difluoromethyl-1H-pyrazol-4-yl-carboxylate

At -50° C., a solution of methyl 4.4-difluoro-3-oxo0-2-(1-
piperidin-1-ylmethylidene)butyrate (97.9%, 20.0 g, 79
mmol) 1n toluene (150 ml) was added dropwise to a solution
of hydrazine hydrate (100%, 4.36 g, 87 mmol) in toluene (150
ml). The reaction mixture was stirred at —=50° C. for 2 h and
then, over a period of 1 hour, warmed to room temperature.
The reaction mixture was washed with deionized water (100
ml). After separation of the phases, the aqueous phase was
extracted once with toluene (100 ml). The toluene phases
were combined and washed with an aqueous saturated NaCl
solution (100 ml), and the solvent was then removed under
reduced pressure. According to GC analysis, the residue
obtained (9.2 g) consisted to 65.3% of methyl 3-difluorom-
ethyl-1H-pyrazol-4-yl-carboxylate (Yield: 66%). "H-NMR
(CDCl,): 0=3.9 (s, 3H), 7.25 (t, 1H), 8.2 ppm (s, 1H).

3. Preparation of Compounds of the Formula (V)
Preparation Example V.1

3-difluoromethyl-1-methyl-1H-pyrazol-4-ylcarboxy-
lic acid

A mixture of ethyl 3-difluoromethyl-1-methyl-1H-pyra-
zol-4-ylcarboxylate (1.4 g, 52 mmol) and aqueous sodium
hydroxide solution (10% strength, 3.1 g, 8 mmol) was stirred
at 60° C. for 2 h. The reaction mixture was cooled to room
temperature, and the pH was then adjusted to 1 using concen-
trated hydrochloric acid. The reaction mixture was cooled
turther to 0° C., resulting 1n the precipitation of a solid. The
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precipitated solid was filtered off, washed with cyclohexane
and dried under reduced pressure. This gave 3-difluorom- (I1I)
cthyl-1-methyl-1H-pyrazol-4-ylcarboxylic acid as a solid HoQ
(amount: 0.8 g; yield: 87%). "H-NMR (DMSO-d,,): 8=3.9 (s, F O—R!
2H), 7.2 (t, 1H), 8.35 ppm (s, 1H). 5 .

Preparation Example V.2 N{\ \

3-difluoromethyl-1-methyl-1H-pyrazol-4-ylcarboxy- | \
l1ic acid (one-pot batch) 10 R
At =30° C., difluoroacetyl fluoride (18.7 g, 0.187 mol; in which

98%) was mtroduced 1nto a solution of methyl 3-piperidin- R" is C,-C.-alkyl, C,-C.-haloalkyl, C,-C.-alkenyl,
1-ylacrylate (9_9%: 29.05¢,0.17mol) and tr i‘f‘:thylal}liﬂe (25.8 C,-C,,-cycloalkyl or benzyl, where the two last men-
g, 0.255 mol) in toluene (250 ml). The reaction mixture was 15 tioned radicals are unsubstituted or have 1, 2 or 3 sub-

stirred at -30° C. for 3 h and then, over a per iOd_ of 1 hour, stituents independently of one another selected from the
warmed tfj room .temperature. The ret_z}_ctlon mlxmre was group consisting of halogen, CN, nitro, C,-C,-alkyl,
washed with deionized water (250 ml). After separation of the C,-C,-haloalkyl, C,-C,-alkoxy and C,-C,-haloalkoxy:
phases, the aqueous phase was extracted once with toluene anld ! o P |
(200 ml). The toluene phases were combined and, under 20 R#iq hydrogen, C,-C-alkyl, C,-C-haloalkyl, C;-C, ,-cy-
reduced pressure, concentrated to about 350 ml. The reaction cloalkyl, phenyl or benzyl where the three last men-
solution obtained in this manner was, at =50 C., added drop- tioned radicals are unsubstituted or have 1, 2 or 3 sub-

wise to a solution of methy}hydrgzine (8.78 &> 0.187 molﬂ) in stituents independently of one another selected from the
toluene (150 ml). The reaction mixture was stirred at —=50° C. group consisting of halogen, CN, nitro, C,-C,-alkyl,

for 2 h and then, over a period of 1 hour, warmed to room 35 C,-C,-haloalkyl, C,-C,-alkoxy and C,-C,-haloalkoxy;
temperature. Aqueous sodium hydroxide solution (10%, comprising

105.3 g, 0.263 mol) was then added, and the reaction mixture a) providing a compound of the formula (1),

was heated under reflux conditions for 2 h. After cooling to

room temperature, the phases were separated. The toluene

phase was extracted with aqueous sodium hydroxide solution 3¢ D
(10% strength, 100 ml). The aqueous phases were combined, G

adjusted to a pH of 1 using hydrochloric acid (conc.) and
cooled to 0° C. The precipitated solid was filtered off, washed ST R OR!
with cyclohexane and dried at 60° C. under reduced pressure. |

This gave 3-difluoromethyl-1-methyl-1H-pyrazol-4-ylcar- 35 R H
boxylic acid 1n an amount of 21.1 g (65% yield) in a purity of
91% (according to quant. HPLC). "H-NMR (CDCIL,): 6=3.85 .
(s, 2H), 3.95 (s, 3H), 7.12 (t, 1H), 7.9 ppm (s, 1H).

The mvention claimed 1s: 40 in which R” together with R” and the nitrogen atom to
1. A compound of the formula (I) which the two radicals are attached are an optionally
substituted 5- to 10-membered heterocyclic radical
which, 1n addition to the nitrogen atom, may contain a
(1) further 1, 2 or 3 heteroatoms selected from the group

45 consisting of O, N and S as ring members; and
R2 b) reacting the compound of the formula (I) provided 1n

SN OR! step a) with a hydrazine compound of the formula (IV)

RHN—NH, (IV).

3 50 3. The process according to claim 2 wherein R* in the
s compounds of the formulae (III) and (IV) 1s C,-C,-alkyl.
4. The process according to claim 2 wherein
in which said providing a compound of formula (I) comprises react-
R' is C,-C,-alkyl, C,-C.-haloalkyl, C,-C-alkenyl, ing a compound of the formula (II)
C;-C,,-cycloalkyl or benzyl, where the two last men- 55
tioned radicals are unsubstituted or have 1, 2 or 3 sub-

stituents independently of one another selected from the (1I)

group consisting of halogen, CN, nitro, C,-C,-alkyl, "

C,-C,-haloalkyl, C,-C,-alkoxy and C,-C,-haloalkoxy; R2 /\)I\

and R” together with R~ and the nitrogen atom to which 60 ~yN OR!

the two radicals are attached are an optionally substi- I3

tuted 5- to 10-membered heterocyclic radical which, in R

addition to the mitrogen atom, may contain a further 1, 2

or 3 heteroatoms selected from the group consisting of with difluoroacetyl fluoride.

O, N and S as ring members. 65 3. Theprocess according to claim 4 wherein the compound
2. A process for preparing difluoromethyl-substituted of the formula (I) 1s provided 1n the form of a reaction mixture

pyrazol-4-ylcarboxylic esters of the formula (I1I) without prior 1solation of the compound of the formula (I).
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6. The process according to claim 2 where the reaction of
the compound of the formula (I) with the hydrazine com-
pound of the formula (IV) 1s carried out essentially anhy-
drously.

7. The process according to claim 2 where the reaction of
the compound of the formula (I) with the hydrazine com-
pound of the formula (IV) 1s carried out in the presence of
water.

8. A process for preparing a pyrazol-4-carboxylic acid of

the formula (V)

(V)
H O
F7< >_OH
L
\N
1y
comprising
providing a compound of the formula (III)
(I11)
H O
F O—R!
b / \
N
\N
R
in which
R' is C,-C,-alkyl, C,-C.-haloalkyl, C,-C-alkenyl,

C;-C,y-cycloalkyl or benzyl, where the two last men-
tioned radicals are unsubstituted or have 1, 2 or 3 sub-
stituents independently of one another selected from the
group consisting of halogen, CN, nitro, C,-C,-alkyl,
C,-C,-haloalkyl, C,-C,-alkoxy and C,-C,-haloalkoxy:;
and

R* is hydrogen, C,-C-alkyl, C,-C.-haloalkyl, C,-C, ,-cy-
cloalkyl, phenyl or benzyl where the three last men-
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tioned radicals are unsubstituted or have 1, 2 or 3 sub-
stituents independently of one another selected from the
group consisting ol halogen, CN, nitro, C,-C,-alkyl,
C,-C,-haloalkyl, C,-C,-alkoxy and C,-C,-haloalkoxy;
and hydrolyzing the compound of the formula (I11I);
wherein said providing a compound of formula (III) com-
prises reacting a compound of the formula (1),

()

in which R” together with R” and the nitrogen atom to
which the two radicals are attached are an optionally
substituted 3- to 10-membered heterocyclic radical
which, 1n addition to the nitrogen atom, may contain a
turther 1, 2 or 3 heteroatoms selected from the group
consisting of O, N and S as ring members; and

with a hydrazine compound of the formula (IV)

RHN—NH, (IV).

9. The process according to claim 8 wherein the compound
of the formula (III) 1s hydrolyzed 1n the form of a reaction
mixture, without prior 1solation of the compound of the for-
mula (III).

10. The process according to claim 8 where the hydrolysis
1s carried out in the presence of an aqueous alkali metal
hydroxide solution or alkaline earth metal hydroxide solu-
tion.

11. The compound of claim 1, wherein the group NR*R" is
a saturated 5- or 6-membered heterocyclic radical, which 1n
addition to the nitrogen atom may contain a further heteroa-
tom selected from the group consisting of O, N and S as ring
member.

12. The compound of claim 1, wherein the group NR*R” is
piperidin-1-yl, morpholin-1-yl or 4-methylpiperidin-1-yl.

13. The compound of claim 1, wherein R' is C1-C4-alkyl.

14. The compound of claim 12, wherein R" is C1-C4-alkyl.

¥ ¥ # ¥ ¥
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